der's original classification, and information was collected from PANSS, CAARMS and clinical reports. Early premorbid functioning was measured using the Premorbid Adjustment Scale (PAS). We grouped individuals by number and type of FRS and analysed transitions to full-blown psychosis over a 2-year follow-up period. We also correlated the general social and functional adjustment of these individuals during their childhood (6-11 years of age) with the future development of mental states at CHR and FRS. Results: Over 69% of CHR individuals had more than one DSM-IV psychiatric diagnosis, mainly within the affective and anxiety diagnostic spectra. At least one FRS was present in 43.3% of CHR individuals, and 21.6% of these had more than one. Auditory hallucinations and passivity experiences were the most commonly reported. Only 10% of individuals at CHR made a transition to first-episode psychosis (FEP) over 2 years and, except for passivity experiences, the presence of one or more FRS was not significantly associated with the transition to FEP. CHR individuals, especially those with FRS, had poorer premorbid functioning and adjustment as children across educational, social and peer relationship domains than HVs. However, this was not associated with FEP 2 years later. Conclusions: FRS might not be indicators of psychosis alone but of different psychiatric disorders. In line with the neurodevelopmental model of psychosis, individuals at CHR might
Introduction
Individuals at clinical high risk (CHR) for psychosis represent a heterogeneous group where psychotic experiences are associated with a wide range of psychopathology, lacking the specificity and predictive validity to indicate a transition to psychosis [1, 2] . Recent longitudinal studies among individuals at CHR have reported transition rates to full-blown psychosis of between 7 and 54% [3] . While the clinical signs and symptoms among individuals at CHR have been widely studied at a dimensional level [4] [5] [6] , few studies have evaluated possible qualitative aspects of positive psychotic symptoms that might predict poorer outcomes and/or conversion to psychosis [4] .
Among positive symptoms, Kurt Schneider (1887-1967) defined 'first-rank symptoms' (FRS) as those that, despite not being pathognomonic, might have a decisive weight in differentiating schizophrenia from other mental disorders [7] . Further research has confirmed that FRS are not only common in schizophrenia [8, 9] but also in other severe non-schizophrenic [10] and affective psychoses [11] . Whereas discriminatory symptoms have not yet been found for individuals at CHR, one question that remains unanswered relates to whether FRS, when present among CHR individuals, could be a negative indicator and predictor of future transition towards full-blown psychosis.
On the other hand, it has been widely documented that negative symptoms and, in particular, poor premorbid adjustment and functioning are early indicators of psychotic illness [12] [13] [14] . Several studies have reported low levels of functioning among individuals who are at CHR or during the premorbid phase of psychosis [14, 15] . However, from a developmental perspective, an issue that remains elusive is whether individuals at CHR and with FRS may present with a lower level of functioning at earlier stages of life, indicating a more severe developmental course over time.
Therefore, the goal of our study was 3-fold. Based on a sample of individuals at CHR who were referred to an early intervention in psychosis service and healthy volunteers (HVs) recruited from the same geographical area, we aimed to describe the following: (1) the prevalence of FRS among individuals at CHR, (2) the association between FRS and transition to full-blown psychosis and (3) the level of adjustment of individuals at CHR and with FRS during their childhood (6-11 years of age) in terms of social and academic functioning.
Methods
We explored the presence of FRS among a sample of 60 individuals at CHR at the time of their referral to an early intervention service and 60 HVs. We grouped individuals by number and type of FRS and analysed transitions to full-blown psychosis over a 2-year follow-up period. We then correlated the general social and functional adjustment of these individuals during their childhood (6-11 years of age) with the future development of mental states at CHR and FRS.
Setting CAMEO (http://www.cameo.nhs.uk) is an early intervention in psychosis service offering management for people aged 14-35 years suffering from first-episode psychosis (FEP) in Cambridgeshire, UK. CAMEO also accepts referrals of people at CHR. Referrals are accepted from multiple sources, including general practitioners, other mental health services, school and college counsellors, relatives, and self-referrals [1] .
Sample
A consecutive cohort of 60 help-seeking individuals (aged 16-35 years) referred to CAMEO from February 2010 to September 2012 met the criteria for CHR, according to the Comprehensive Assessment of At-Risk Mental States (CAARMS) [16] . Referrals came to our offices via a number of different routes, including selfreferral, carers and relatives and schools and colleges, but mainly via primary care. All individuals identified as high risk for psychosis living and detected in Cambridgeshire and Peterborough were offered a systematic follow-up in the context of a prospective, naturalistic study called PAATH (Prospective Analysis of At-Risk Mental States and Transitions into Psychosis). Participants were followed up for 2 years from the initial referral date. During this period, they were asked to attend subsequent interviews where they completed structured interviews and questionnaires. In our sample, all individuals fulfilled the criteria for the attenuated psychotic symptoms group. In addition, 7 individuals (11.7%) also qualified for the vulnerability traits group (individuals with a family history of psychosis in a first-degree relative or schizotypal personality disorder plus a 30% drop in GAF score from premorbid level, sustained for a month, occurring within the previous 12 months or GAF score of 50% or less for the previous 12 months). Intake exclusion criteria were as follows: (1) acute intoxication or withdrawal associated with drug or alcohol abuse or any delirium, (2) confirmed intellectual disability (Wechsler Adult Intelligence Scale -tested IQ <70) or (3) prior total treatment with antipsychotics for more than 1 week.
During the same period (February 2010 to September 2012), a random sample of 60 HVs was recruited by post, using the PAF ® (Postal Address File) provided by Royal Mail, UK. To ensure that each CHR and HV resided in the same geographical location, 50 corresponding postcodes, matching the first 4/5 characters and digits of each recruited CHR participant (e.g. PE13 5; CB5 3), were randomly selected using Microsoft SQL Server, a relational database management system, in conjunction with the PAF database. Each of these 50 addresses was sent a recruitment flyer containing a brief outline of the study, inclusion criteria and contact details. If this failed to generate recruits, a consecutive sample of postcodes would be selected. This process was repeated until a match was recruited. An average of 100 flyers was sent to each postcode to recruit the 60 HVs. HVs interested in the study could only participate if they were aged 16-35 years, resided in the same geographical area as CHR participants (Cambridgeshire) and did not have previous contact with mental health services.
Ethical Approval
Ethical approval was granted by the Cambridgeshire East Research Ethics Committee.
Measures
All participants were assessed with sociodemographic (age, gender, ethnicity and occupational status) and several clinical measures at the time of their referral to CAMEO. The assessments were carried out by senior research clinicians trained in each of the measurement tools.
CHR participants were interviewed by senior trained psychiatrists working in CAMEO, using the Mini International Neuropsychiatric Interview (MINI), version 6.0.0 [17] -a brief structured diagnostic interview for DSM-IV Axis I psychiatric disorders. The Positive and Negative Syndrome Scale (PANSS) [18] for psychotic symptoms was employed to capture the severity of positive symptoms (7 items), negative symptoms (7 items) and general psychopathology (16 items) in a 7-point scale, with higher scores indicating greater severity of illness. Summary score and sub-domain scores of positive, negative and general psychopathology symptoms were computed. HVs were also assessed by senior researcher clinicians using the PANSS and CAARMS. All the assessments, including the CAARMS, were performed by the same assessor for each participant.
FRS were defined according to Kurt Schneider's original classification [7] . These included the following: (1) auditory hallucinations (hearing voices conversing with one another, voices heard commenting on one's actions and thought echo); (2) somatic hallucinations; (3) passivity experiences (delusions of control/being controlled); (4) thought withdrawal; (5) thought insertion; (6) thought broadcasting, and (g) delusional perceptions.
The existence and description of any of these symptoms was documented on the PANSS, CAARMS and clinical reports by experienced research clinicians working at CAMEO. The clinical assessments were supervised by senior consultant psychiatrists. For the purpose of this study, 2 blinded independent psychiatrists also gathered specific information related to FRS collected from the above-mentioned sources. Co-coding was then discussed with a senior consultant psychiatrist with expertise in psychosis.
The Premorbid Adjustment Scale (PAS) comprises 36 items describing levels of functioning before the onset of psychosis. These items cover sociability and withdrawal, peer relationships, scholastic performance, adaptation to school, and capacity to establish socio-sexual relationships, assessed during four periods in life: childhood (up to 11 years), early adolescence (12-15 years), late adolescence (16-18 years), and adulthood (19 years and beyond) [19] . The rating is based on interviews with the patient and/ or with family members. The scoring range of each item is 0-6, with 0 indicating the best level of functioning and 6 the worst. We assessed premorbid functioning and adjustment during childhood (up to 11 years of age), and therefore the domain related to sociosexual relationships was not included. We obtained mean scores for each of the other four domains.
Statistical Analysis
Our primary method for comparison of categorical sociodemographic variables between individuals at CHR and HVs was Fisher's exact test. For age comparison the t test was used. We also employed Fisher's exact test to analyse associations between the presence of FRS in CHR individuals and transitions to psychosis. The Wilcoxon signed-rank test was used to compare PAS domains between CHR individuals and HVs. All computations were performed using R software [20] .
Results

Sociodemographic Profile
Sociodemographic information was collected, comprising age, gender, ethnicity, and occupational status. Table 1 shows a comparison between CHR individuals and HVs. There was a difference in age between the two groups; HVs were significantly older than the CHR participants (p ≤ 0.001). The CHR group had a slightly higher proportion of males and the HV group had a slightly higher proportion of females. Both groups were predominantly White with a similar proportion of mixed, Asian and Black participants. Both groups contained the same number of students (41.7%), but significantly more HV participants were employed (p = 0.001).
DSM-IV Diagnoses and PANSS Scores
We obtained MINI DSM-IV diagnoses for 55 of the 60 CHR individuals. Of these, 38 (69.1%) had more than one DSM-IV psychiatric diagnosis, mainly within the affective and anxiety diagnostic spectra. Primary diagnoses for this group were ranked in terms of frequency, as follows: major depressive episode, current or recurrent (n = 26; 47.3%) > social phobia (n = 7; 12.7%) = generalised anxiety disorder (n = 7; 12.7%) > obsessive compulsive disorder (n = 5; 9.1%) > bipolar disorder, type II (n = 2; 3.6%) > panic disorder (n = 1; 1.8%) = posttraumatic stress disorder (n = 1; 1.8%). Overall, 6 CHR individuals (10.9%) did not fulfil sufficient criteria for a DSM-IV Axis I diagnosis.
The mean PANSS scores for the CHR group comprised positive symptoms (13.1, SD = 3.2), negative symptoms (12.4, SD = 5.0) and general psychopathology (32.7, SD = 7.0). These scores indicated a 'mildly ill' 
Frequency of FRS and Associations with Transitions
The presence of any or more than one FRS was significantly higher among those individuals at CHR compared to HVs, who did not report FRS in our sample (p < 0.001). A total of 26 individuals at CHR (43.3%) presented at least one FRS, and 21.6% of them (n = 13) presented more than one. Among the different FRS, auditory hallucinations (mainly voices conversing with one another or commenting on one's actions) were the most frequently reported (28.3%) followed by passivity experiences (25%), thought broadcasting (10%), thought insertion (8.3%), and thought withdrawal (5%). Individuals at CHR in our sample did not report any somatic hallucination or delusional perception ( fig. 1 ) .
In our sample, only 6 (10%) individuals at CHR made a transition to FEP over 2 years, according to the However, when taking into account each FRS individually, a statistical significant association was found between passivity experiences and later transition to psychosis (p = 0.029). Figure 2 shows the comparison of the mean scores between HVs and CHR individuals in the domains of the PAS. A third subgroup formed by those individuals at CHR who presented with FRS is also included.
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Early Functioning of Individuals at CHR and Experiencing FRS
There were statistically significant differences across the four domains -sociability and withdrawal (p < 0.001), peer relationships (p < 0.001), scholastic performance (p = 0.002), and adaptation to school (p < 0.001). CHR individuals disclosed lower levels of adjustment and functioning when they were children compared to HVs. In our sample, even poorer levels were reported among those CHR individuals with FRS. In fact, CHR individuals with FRS reported significantly poorer adjustment in the PAS total score (p = 0.024), specifically for peer relationships (p = 0.024) and scholastic performance (p = 0.046), than those at CHR but without FRS. However, no differences were found between individuals at CHR who had made transition to FEP 2 years later and those who did not.
Discussion
Our study, based on a sample of 60 help-seeking CHR individuals and 60 HVs, aimed to describe the prevalence of FRS among CHR individuals, their possible predictive value to future transition to psychosis and the early levels of adjustment and functioning among CHR individuals. More specifically, our findings were as follows: (1) the prevalence of at least one FRS among CHR individuals was over 43% and over 20% for more than one FRS, (2) among all FRS, only passivity experiences were associated with future transition to psychosis and (3) individuals at CHR presented significantly lower levels of functioning and adjustment during their childhood across educational, social and peer relationship domains, with those who reported FRS being even more affected. However, this did not predict future transition to psychosis.
FRS have been considered non-understandable psychological phenomena, non-culture dependent and, probably, the essence of schizophrenia [7, 22] . However, the diagnostic specificity of schneiderian FRS for schizophrenia has long been challenged, and a number of studies have called into question the continuous emphasis on bizarre delusions and special types of hallucinations (such as hearing voices conversing with one another or voices heard commenting on one's actions) in diagnostic classifications [23] . Indeed, FRS appear to be highly prevalent in the whole spectrum of functional psychotic disorders, including affective psychoses, where the prevalence of FRS has been reported to range between 22 and 29% [10, 11, 24] . Therefore, FRS may lack discriminatory diagnostic value among psychotic disorders [23] .
Notably, we also found a high prevalence of FRS in young individuals at increased risk of developing psychosis. However, their presence was not indicative of conversion to psychotic disorders. With the exception of passivity phenomena, which were among the most prevalent FRS in our sample, none of the schneiderian FRS showed a clear association with potential transitions. This finding is in line with previous empirical phenomenological studies that have described the decreased and disturbed 'sense of self-presence' as a core feature in schizophrenia and its prodromal phase, involving different and vague self-perceptions such as depersonalization, somatic disturbances and feelings of identity loss [25, 26] .
Overall, our results are in agreement with previous research supporting the view that FRS should be considered symptoms of psychosis rather than symptoms of schizo- phrenia [9, 11, 24] . However, the low transition rates and the fact that most CHR individuals suffered from mood and anxiety disorders suggest that FRS should not only be considered markers for psychotic disorders but also for a wider range of mental disorders, which may present with psychotic experiences that may not evolve to frank psychotic disorders [4, 27, 28] . These findings might support the dimensional phenotypic classification that is being proposed for schizophrenia. According to the neurodevelopmental model of schizophrenia, psychotic illness would be at the end of a spectrum of abnormal neurodevelopmental processes that begin years before the onset of illness [29] . These processes, resulting from different genetic [30] , obstetric [31] and environmental factors [32] , might not be specific predictors of schizophrenia alone but of a wide range of disorders and future clinical need [29] . Supporting the view of a neurodevelopmental perspective, our study showed that those individuals with poorer functioning and adjustment as children across educational, peer relationship and social domains might eventually develop psychotic symptoms as young adults, and that there was a dose-response relationship between poor premorbid adjustment and presence of FRS. Although not associated with later transition to full-blown psychosis in our sample, poor functioning and adjustment from early stages in development might be indicative of some vulnerability traits in these individuals to experience psychotic symptoms in the future, if they were not emerging already, as well as other non-psychotic mental health problems. It is unclear which aspects of poor functioning and adjustment in childhood might specifically predict one disorder over another. There is some evidence from longitudinal studies that certain receptive language, communication and cognitive deficits in childhood might specifically be associated with future psychosis [5, 33] , whereas deficits in emotional and social/interpersonal development might be common predictors of psychosis, depression and bipolar and anxiety disorders [33] . Accordingly, poor premorbid adjustment might be the earliest manifestation of a common neurodevelopmental pathway for different psychiatric disorders and/or functional impairment [34] [35] [36] . Further understanding and early intervention at these stages might be helpful to prevent future negative outcomes.
Our study has several strengths. For example, it was controlled, including both HVs and help-seeking CHR individuals. Also, its longitudinal design and high retention rates over 2 years allowed us to address the limitations associated with cross-sectional studies. However, our results should be considered in the light of some limitations. Our sample size did not allow further adjustment for comorbid mental disorders, which may have shed light on specific associations between the level of impairment and increased risk for non-psychotic mental disorders. Studies with larger samples will also be required in order to replicate findings regarding associations between specific FRS and future conversions to psychosis, especially the relevance of those FRS that were absent in our sample (somatic hallucinations and delusional perceptions). Early premorbid adjustment was measured retrospectively, bringing the possibility of recall bias. Finally, as transitions to psychosis were described in a 2-year follow-up period, it is possible that conversion rates could have been higher if follow-up had been longer.
